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C (Z = 6)
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C (Z = 6)
κ=0.6 (+0.1)
κ=0.95
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E = 1 MeV



















E = 10 MeV
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E = 1 keV





















E = 10 keV
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• integrated elastic 
scattering cross 
sections at energy T
• integrated elastic 
scattering cross 
sections at energy T
SPWAVSPWAV
• elastic scattering 
scattering DCS for
e-/e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of scattered charged 
particle (E>1MeV)
• angular distribution









• elastic scattering 
functions at q
from phase shifts











of scattered charged 
particle (E<1MeV)
• angular distribution
of scattered charged 
particle (E<1MeV)
VCALCVCALC
• effective potential for 
elastic scattering of 
e+/e- by neutral atoms
• effective potential for 
elastic scattering of 









• phase shifts, DCSs
• scattering amplitudes
(central fields of finite range)
• phase shifts, DCSs
• scattering amplitudes






• analytical DHFS and
tabulated screening field
• e- density for atoms
• analytical DHFS and
tabulated screening field





• Dirac eq. for free states 
• interpolation for R*V(R)
• Dirac eq. for free states 
















































































































































































 v&x<¯µ|ynx1²!³-v >¯&³7>©&x7¯z¹x7±@x<³<z8y8|¯ x<¯&x7y~»GÁz{vx¶y8x D®&>y8x<© °&vb²G~x¶8v&:µ"z{²Gy~x ³1²!±@³7®±=²!z8x7© ¸Á ~|±ﬃﬂ>¯&»
z{vxµy~x7x&> ~z{²!z{x 0 @y8²G³´x D®b²!z8@|¯&
¡




z-²!z8x 0 @y8²G³x D®b²!z8@|¯]z8v&x ~@»¯ |Gµz8v&x
~z{²!z{>³H°|!z{x7¯z8=²G±@³-vb²G¯»x7©²G¯&©O|¯&±:ÁYz8v&x	³7|y~y8x7±@²!z{>|¯1> °|±@²Gy8ed1²!z8@|¯´°t|Gz{x<¯z{=²!±µ|y°t|8:z{y~|¯&¸b²G~x7©
|¯¶z{vx	µy~x7x







































































































































































@²G©&©&x<©ºk½H©&x ﬂGx7±@|G°x<© ²BzH°&y8x<8x<¯z7¿z{v&x³<|2©&x# 87:9<;>= ­©&|x7H¯&|Gz@¯&³<±@®&©&xn²G¯Á ©&x<8³7y~@°z8@|¯T|!µÂz8v&x
²G¸&~|y8°2z{@|G¯¶°|Gz8x7¯z{@²G±
¬














































































B¢TrŁ°ŁTŁB\¡ ﬃ:Ł6ŁT (¦4¦4¦©rŁ°ŁT¯ŁT| <r:ŁB ŁTŁB\¡4I¡#¥ﬀ*|  :ŁB
ŁTŁB\¡4>¡¥ŁTª*Tº
B
BŁBŁBŁ°¡M£§4¦¢v¬ª:­*8¡:v¡*¡:Ł&¤:ŁI¬ ŁBr8ŁT¡4ŁT¥^:ŁB ﬀ¡Q} r¦4­· ¦:¡:¦:










[ E   ﬀ:1 ﬀﬃ {
* 























































































	>u:~r{  xªy 0 ­x8w.~x tI~0 Ku:~x t {ﬃw:xﬃ  ®{}u:~xvt








·|2©&x<±@n©x ﬂx<±@|°tx7© ~|WµR²!y@¯ z{vx¶x7¯&x<y8»GÁ y8²G¯&»x µy~|· z{v&x z8v&y8x<8v&|±>© z{|W8xﬂx7y8²G±z{x<¯&´|Gµ!Gx+T ²!y8x
y8x<±@@²G¸&±@x!²!¯&© 8|&]² ·n®&³-v ¸tx<z~z{x7y¹®&¯&©&x<y8~z{²G¯&©&>¯&»T|Gµz8v&x x7±>x7³kz{y8|G¯1>²!z8|· ³7|G±@±@>8>|¯ ³7²G¯ ¸tx »²G>¯&x7©º
iy{²G³kz{>³1²G±>±>Á ©b²Bz-²|!µz{v&>ŁzÁ°tx ²Gy~xYy~x D®&@y~x7© >¯ ·Y²G¯Á #bx7±>©&7xGº »&ºx<±@x<³<z{y~|¯ °y8|¸tx·@³<y8|²G¯&²G±>Á8>7
k®»x7yx7±>x7³kz{y8|G¯Y~°x<³<z{y~|8³<|°ÁY²G¯&©x7±@x<³<z8y8|¯1> x7¯&x<y8»GÁ > ±@|~Â~°x<³<z8y8|~³7|°Á²G
¬
x<±@± ²Gµ|y]z8v&x½©=²G»¯|8>



















































 v&x z8v&x7|y~x<z8@³1²!±©&x ﬂGx7±>|°&·x7¯z{·Y²G©&x ~|TµR²Gy¹µ|y¹z8v&x¶³1²!±@³7®±=²!z8@|¯ |Gµ@¯&¯&x<y > 8v&x<±@±a>|¯&>{²!z8@|¯L³7y~|8






Á~z{x<·²Bz{@³¶·x<z8v&|© µ|y¹z{vx¶³1²G±>³7®&±@²!z{>|¯ |Gµ@|G¯&@8²!z{>|¯ ³<y8|~8x7³kz{>|¯&µy8|·
#by~~z > °&y8>¯&³7>°&±@x<7b°b²!y~z{>³7®&±@²Gy8±:ÁYµ|Gyx7¯&x<y8»>x7¯&x1²Gywz{vxÀ>|¯&ed1²!z8@|¯ z8v&y8x<8v&|±>© ~z8@±@±y8x7·Y²G>¯&z{|¸xHµ|y>
·n®&±@²!z{x<©º]¼|
¬










































v&@³-v­x7¯&~®&y8xOz{v&x ﬂ!²G±@>©&>zÁ |Gµ½z{v&x #by8


























v&>³-v ²Gy~xŁ¸b²!8x7©|¯z8v&x	8x<³7|¯&©" a|y8¯ﬂ²G¯&©, a|y~¯1>xB4³-v&²G¯&»x



















































> 8v&x<±@±@|¯@{²Bz{@|G¯³<y8|~H8x7³kz{>|¯¿²G©&x7y~ﬃﬂx<©T¸Á  axkz{v&x 32 X
@


































































































































































































~ I~tNw,	  t|{ﬃx zIt u,Mw 

































































































































































































































­x8wgu J®tMwKu:~x t x·~rx t|~ +Ku:~xvt




























































 v&xﬃ# x<md<¾²G³)!x7y > # @±>±@=²!·YŁ·Yxkz{v&|©Â²G´@·°&±@x<·Yx<¯z{x7© >¯ z8v&x³7|©&x 8749<; =Âvb²!³<®&y8y~x7¯z{±:Á ¸x<x7¯
®&~x7©­µ|Gy´z8v&x»x7¯x7y{²Bz{@|G¯ ²G¯© ﬂ!²G±>@©b²!z8@|¯ |Gµz8v&xx7±@x<³<z8y8|¯ @·°b²G³kz´@|¯&>{²!z8@|¯ ³<y8|~Y~x7³kz{@|G¯­©b²Bz-²






















































@	z{v&x @¯&xkz{@³x7¯x7y8»!Á |!µz{v&xY@¯&³<@©&x<¯z¹x<±@x7³kz{y~|¯ !°t|8:z{y~|¯º

v&x ³<y8|~¹~x7³<z8@|¯ µ|y	³7±@|G8x





































































































































































































































































































































































x7y~x®&8x<©º  vx³7|y~y8x7³kz{>|¯T©&®&xnz8| z{v&x©&x<¯&8:zÁ x5Kx<³<z{	²!y8@~@¯&»Yµy8|· z{v&x°t|±@²Gy8ed1²G¸&>±@:zÁ
|Gµz8v&x·x7©&>®&·
¬
²!²G°&°&±>@x<©¸b²!8x7© |¯ z{v&x ! ³7|3#bx<±@©D ¹y~x7±@²!z{ﬂ2>~z8@³¼²Gy

































































	>u:~r{  xªy 0 ­x8w  &{¤~<u,Ku:~x t {ﬃw:xﬃ  ®{}u:~xvt






z{x<³-v&¯&|±>|»>x77G»²G > ©&@~³-vb²Gy~»xa±@²G8x<y87Gx<z{³!º ¯nz8v&xU#bx<±@©n|Gµ y8²G©&>|¸&@|G±@|»GÁGﬀ¯&x
¬
y8x+D®&@y~x7·x7¯z{]v&²ﬂGx¸x<x7¯















































Â|Gy² 8>·Y°&±>x7yÀ8³7²G±@>¯&» °&y~|2³<x7©&®&y~x¸b²G8x<© |¯ z{v&x°&±=²G¯x&>
¬
²-ﬂx










@¯L·Y²G»¯&:z{®&©&x! ¸&®z¹²G±@~|>¯ y~x7°&y~|2©&®³7@¯»Oz8v&x³<y8|~Ł~x7³<z8@|¯ 8vb²!°x²G¹²¶µ®&¯&³kz{>|¯ |!µx7¯&x<y8»GÁGº

v&x























º#k ³7|·°b²Gy~@~|¯T|Gµ ﬂ!²Gy8>|®&|°2z{@³7²G±=> ©b²!z{²



















v@³-v vb²G¶¸tx7x7¯ ©&xﬂx7±>|°tx7© µ|y























Á~z{x<·Y<º  v&xT·Y|©&x<±@ ¸&²G8x<©}|¯z8v&xW·²G¯Á >¸t|©Á #&x7±@©z8v&x7|y
Á
¡









































x wgu ﬃ®tMw u:~rx tEx  &{¤~uKu:~xvt


















²Gy~x¶²G8~®&·x7© z{|T·|ﬂx ®¯&°x<y~z8®&y8¸tx7© |¯ ²ﬂ°t|~>z{ﬂx >|¯ ³<|y8x¶¯x7®z8y{²G±>md7>¯&»O¸b²G³)»y8|G®&¯&©
¡
²GŁµ|y²






























































































































































































































































































































































































































































































































zŁz8|z8v&xY±>|¯&»y{²!¯&»x 1 |®&±@|G·n¸ >¯z{x7y8²G³<z8@|¯º  v&xx+Kx7³kz{ﬃﬂGx°t|Gz{x<¯z{=²!±vb²GÀ¸x<x7¯ xB4°y8x7~8x<©
¬






































ﬂmd!ºz8v&x  axkz{v&x8®&· y8®±@x  32 X
@


































































































































































































































































































































































































































v&@³-v z{v&xkÁ vb²-ﬂxﬂ¸tx7x<¯ ©&x<y8ﬂx7©az{v&xz{vy8x7xO³7|G·Y°t|¯&x<¯z8²!y8x













































tﬂ	1 	 {ﬀB:! 0~J































































































































































































































































































	  Nw¢u:~{ ﬂ
&
&xﬃ0  &{¤~<u,Ku:~x t {ﬃw:xﬃ ®{}u:~xvt














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































7±=²'!>³²G¯&©>¯7±@²)!@³-~³1²'!ﬁﬀ!@¯&»!µ,<±$7³.ﬀ!¯²G¯&©´°/ 0ﬀ!¯]¸Á¯<®ﬀ8²G± ²'·#"ﬂ @¯°&²)ﬀ!@³7®±=²)ﬀ1@¯
À·+7©@®&·2Y±
¬












ﬀ<±$@²G¸&±$½³ﬁﬀ! N<³"¯O©b²'-²Ob²-ﬂ)Ł¸/ﬁ<¯·Y²G©	²-ﬂ!²)@±@²G¸&±½µ% ﬀNPRQS$T(UVXW'$ YﬁZ
5 ﬀB[ﬀﬁT+\ﬀW)V$UY]^ﬁT+$! Y=ﬂ'W)Y5W)V0_F$`ﬁW)VKT#FaﬁVB[5W'ﬁaO)YObc"&>3d"Vﬁﬀe" ﬀ!_(W)Ya(-f5W'ﬀ!$W)V=>
g
Wih)jW)Y5W)V0_F$DT#.Fa@5Wkh)[E"ﬁY4fﬀ!ﬁ"Yﬃﬁa,Z-lGf/ﬁ`"XW)V/ﬁT+f5W'$D5W)-[/ﬁ"Y4fU)YMmaﬁ!`ﬁﬀf Y










f5W)ﬀ\`ﬁV$"4[ﬃ_zYﬁUﬀW)VjWI T+ﬁﬂm ] ."ﬀ
g
0zu$T+fV$"T#"YKW' Y{YK|q`ﬁUﬀﬀ"YﬃV_zUf] ﬀW'aﬁa
h "ﬀ!$ Y})nR`"Ga  /798;:=< oﬂw5W)@W)V$!~[/ﬁﬁYzfﬀ!ﬁ!ﬁYﬃ"a=Z x ?T#FaﬁVN$#ﬀ"VXW'h "V_>!$T+fV$6W)Ya
)T#
g
5W' \$Y`" T#fV$" *[E"`kW)Um0caG"cY)cW)`"`ﬁ UYﬃ-n%)ﬀomV o)n ﬃ5UFpMn%ﬀ! TﬁV$W)!$`w












$o`5W)fﬁﬀﬁﬂF[5W)!$`m"KU5W' Yo)n=$n% ﬀT#W)V$T5Wkh ^[/ﬁ"Y@$YﬃﬀFaU`ﬁ"aM)] "ﬁﬀ
g
#T#VXW)ﬀ





c.pG`"WI$)Y(fﬀ!G`"ﬁ1n%ﬀ Tc] ﬀ! UYa(!WIc'n5YﬁUGﬀW'VW' T+- tD(i ﬃ$Y*DﬁY"ﬀ])_*ﬀW'Y] 
n%ﬀ)Tc.(cP6"(Z'3Y*o$])G3"Yﬁﬀ!])_ﬀW'Y] )ﬂIo ﬀ!$] Y5W)VﬃCCm#n%)ﬀT#W)V$Tn%)ﬀepG`ﬁW' Yj`ﬁﬀ! 




$Yﬃﬁ] ﬀW'"at`ﬁﬀ! !ﬁ`"$ YﬁﬂﬃﬁYﬁﬀ]'_(V "ﬂﬃW)YaWkh "ﬀW)])W)Y] UVXW)ﬀea$\ﬀ!$[U$ Y1)n-$Y`ﬁ$aﬁYﬃ&f5W'ﬀ!`ﬁV
W)YajD"T#0"ajf) Y=ﬂ'n%)ﬀf Y)Y=ﬂ)f5W'ﬀ!`ﬁV.3 V$W'YafVXW)!T# Yjp`"W' Yn% ﬀC$Y`"$a"YKe"V$ﬁ`.ﬀ! Y
W)Ya?f/ !ﬀ! YNn% ﬀ(n%ﬀ".ﬁV$"`"ﬀ YR`ﬁW)'Z3YqW)aa0 Y=ﬂEWMT#Fa"Ven% ﬀN(`ﬁ Y\ﬀ!U`"$ Y?)n[/ UYaG
ﬁVﬁ`.ﬀ)Yf5W)ﬀ\`ﬁV$3)V$.pG`"WI$)Y`ﬁﬀ! "`" Y"ﬂ,[5W)!ﬁaR)Yjn%ﬀ".ﬁV$"`"ﬀ Y?Ya5W)ﬀ!aaﬁVﬁ`"ﬀ`





  	 

 ﬀﬁ	ﬂ	






x 4`5W)fﬁﬀyfﬀ"ﬁYﬃ6`ﬁW)V$`"UVXW'$ Y@)n*[ﬀ"T#!!ﬀW)VUY]ﬂﬁV$W)!$`qW)YazYﬁV$W)!$`>%$ YW'$ Y W)Ya
.pG`"WI$)Y^`ﬁﬀ)t!ﬁ`"$ Y()n"V$"`"ﬀ! Y(W)Yaf/ 0ﬀ! Y*[K_LY"UﬀW)VcWI T+ﬁﬂeUY]#ﬁ ﬀ!"$`kW'V
T+Ga"V$$T+fV$"T#"YKﬁaRYJ7I8;:,<65oZ875 ﬀh)W'V$$aW' Y6fUﬀf/ "ﬁﬂC`ﬁ)T#f5W'ﬀ$! Y5Wkh [E"ﬁYqT#W)a
g
0
)ﬁﬀ(ﬁ)ﬀ"$`ﬁW)V-ﬀ"UV0OW'Ya:9' ﬀ(.pGfE"ﬀT#"YKW)V-a5WIWZ x uﬀ"UV0Y]?W)!ﬁ!T+ﬁYﬃ+)nw4T#fV$.











 JIw$@P6FaﬁVﬁﬂrZ )Z*fﬀihF$!$ Yu)n







 ﬀﬂBM"V$ﬁ`.ﬀ! Y~`"ﬀ !("`"$ YLa5W'Wun% ﬀ*[ﬀ"T#!!ﬀW)VUY]
ﬁT+$! YR$Y`ﬁV$Uaﬁa?YRt)ﬀ$])$Y5W)V , ,
G







































3YzW"`ﬁ YaS\"f=ﬂR`kW'V$`ﬁUVXW'$ Y W)Ya}] "YﬁﬀW' Y{)n*[ﬀ!ﬁT+!ﬀW)V$UY]|"T#!$ Y`ﬁﬀ)4"`"$ Y
a5W'Wn% ﬀtf/ 0ﬀ! Yt5W'OW)V$!?[E"ﬁY>`ﬁ)Yaﬁﬀ!ﬁa>[5W)!ﬁa  YuW'V$]  ﬀ!T aﬁ!`ﬁﬀ!$[/ﬁa>[ﬃ_7,KﬁZNl;G9
W)Ya ;d Z	7B$])Uﬀ+
.
^~(ft!afV$Wk_G"ﬂEn% ﬀ`ﬁ T+f5W)ﬀ!$! Y=ﬂ/[ﬀ"T#!!ﬀW)VUY]4ﬁT+$! Y`"ﬀ !ﬁ`. Y



































































































V$0"ﬀW'Uﬀ45W'+[/ﬁ"Y f/ﬁﬀ\n% ﬀT+ﬁa>fﬀ!"hF$ UV_[K_>!"h)ﬁﬀW'VmW)UG ﬀ!h`  
.
ﬂ ³c?erﬂD`ﬁ Y!$a"ﬀY]?h)W'ﬀ$)U
ﬁV$W)!$`!`kW'!ﬁﬀ!$Y]NT+Ga"V$"ﬂ'W'Ya"f/ﬁ`"XW)VV_^n% ﬀYﬃﬁﬀ!T#"aXWI$Y`ﬁ$aﬁYﬃef5W)ﬀ!$`"V$ﬁYﬁﬀ])$ﬁDgf k ihJ=' 































a5W'Wtn% ﬀfE)ﬀ Yu"VXW)\$`m`kWI"ﬀY]#Wih)[/ﬁ"YW'Y5W)V_F!ﬁa6W)Yayﬀﬁf/ ﬀ\ﬁayfﬀ!"hF$ UV_-` )?feZ




 /798;:=< 5oﬂB4`ﬁW'ﬁﬀ!$Y]?T+GaﬁVoaﬁ!`ﬁﬀ[E"a>$Y lG"`" Y
;Z<GZº;5W)D[E"ﬁY@Uﬁa,Z
x











erﬂZw(x dW)ﬀWZx -p`W)Y] ^f/)ﬁYﬃ$W)Vyk
uzv${V|
sl).ﬂF] h)ﬁY




sl).ﬂF] h)ﬁY#[K_,Z=l=q;ﬃz`i  Kﬂ»qq;feﬂW'Ya@$YﬃﬀFaU`ﬁ"a4W'DV$
g
ﬁﬀ
ﬁYﬁﬀ])$ﬁjYJ)ﬀa"ﬀjyW))+$Yﬃ6W'`ﬁ`ﬁ)UYﬃ*+$YZ~5UﬁY`"#[ﬀ! U] ﬃ*$Yq[ﬃ_qf/ VXW)ﬀ!$ﬁW' Y)no+W)ﬀ] .




f/)"YKXW)Vc`5W)Y] ﬁa=ﬂW)Ya=ﬂFn% ﬀo^`" ﬀﬀ!ﬁVXWI$)YG3f/ VXW'ﬀ$ﬁW' Y(f/)ﬁYﬃ$W)Vrﬂﬃmn%ﬀ".3fW)ﬀW)T+"ﬁﬀoT#Fa"V





















W)aa$ Y5W'V1T+GaﬁV$m [W'$Y"aJ[ﬃ_?`" Tt[Y$Y]Ma0v,"ﬀ"YKj"VXW)\`t`ﬁW'ﬁﬀY]uT#Fa"V$^ fG$)Y
)vEﬁﬀ!ﬁa?[ﬃ_6(`"Ga F7  `  ﬂe?)?erZmAmmT+ﬁYﬃ$ Y"aR$Y?Qc5W)fﬁﬀ8Gﬂ$m`"Gat`kW)YRW)`ﬁ`"UﬀW'ﬁV0_









$ﬀW'`"FUW' Y=Z x "ﬀ"[K_)ﬂ=YKU`ﬁVkW)ﬀmW)ﬀ])"^`W)ﬀ] (a$\ﬀ[U$ YyT#Fa"V






ﬁﬁYufﬀIH!"`"$V$^W)Ya@^W)ﬀ!] "ﬁﬂ5W)"T#fV$i_ "a6W 75"ﬀT+Ea!ﬀ$[U Y `i) feZolGT#VXW)ﬀ!V_ ﬂ 






03_ya$\ﬀ[U$ Ya`º'qbﬂefeZ x t.pG`5W)Y] t"vEﬁ`.^n% ﬀNﬁVﬁ`.ﬀ)Ym5Wkh)Ofﬀ"ﬁYﬃV_6[E"ﬁY?a"`ﬁﬀ!$[/ﬁa
`ﬁ)Yaﬁﬀ!$Y]@
g
6avEﬁﬀ"YﬃT#Fa"V$mn% ﬀ^W)aa0$)Y5W)Ve`ﬁ T+f5W)ﬀ!$)Y?fUﬀf/ !ﬁ^ x  T#W)s\75ﬁﬀ!T#e.pK
`5W)Y] fE'ﬁYﬃXW)V;k `º'dFﬂS' feﬂKW)YatÂ75UﬀY"s\P6`kQ-W)ﬀ!K_t.pG`5W)Y])Nf/)ﬁYﬃ$W)V8kF`º)feZ x 
f/ VXW)ﬀ!$ﬁW' Y#f/)ﬁYﬃ$W)V k
po
ﬂ5W)[/ﬁ"YuT#FaﬁVV$"a-`  e,[K_@UY]WtV$ Y]'3ﬀW)Y] fE V$W)ﬀkW'$ Y+f/)"YG
$W)V`" Tt[Yﬁa
g
N`ﬁ ﬀ!ﬀﬁV$W' YOf/)"YKXW)V [W'$Y"a+n%ﬀ! Tm
G








































WXRUM T aUQlRUMmRZ_QlTUQ]VYQﬁTt[VXW)Y`SQnM)nFRU_QnQﬁV)Qﬁ`^RZTUM)YN$``]M YQg] UTWRZN#M)YVO`NrZoQ)ZEW)YpN$YQSTYR`]MTYQ
g
N)RU_?WgVUNY] V)Q


















W)Y] UVXWTuTW)Y]Qf/[ﬃ_zV$V#Q"Y u|toqpj} `ºqcq;fe n`MT











n`TUM)T )RZM%))lQ" W)Ya@VUVWh`iqcd?e=W)Ya4UVUNY]nRZ_Qm`]M UfV#QﬁaF3`v_5W)Y6QﬁVM f0RZN$`ﬁW)VRZ_QSMT!_#[ﬃ_.6`kQ-WTYRU_K_ u|t
oqpj}`iqc e&WXR=bZib Q" W)Yaw!N)RZTYMi_ u|t oqpj} `ºcfe&n`MTPQﬁYQST]N)Q]V[9QSR
g
Q]Q"Y i4W)Ya ³=)gQ"(Zmaa6N)RZN)M Y5W)V











































	BpGf[QSTUN$TQﬁYKRW)V,h'W)V$U6Q]V-[ﬃ_ x QﬁU[YQ]Tu|tnoqpj}z`iqc!e fl0TYNh'WVaRWkh'WOW)Ya4UVXMih0N`4`ºqc feAfWTUNYMihN$` u|t_oqpj}








MTN$YNTMW0fRU_QXgTYVYRrM YQf6TUM TN$YQ"YKR f
g
_6Q]TUQﬁWVrRZ_QcVYQﬁ`]M)Ya6[9Qﬁ`SM TQ]VbQ.pG`SQ]Qﬁa6N$Y] V0_4aM TN0
Y5W)YKR
g














N)RU_2RZ_6QBQpf9Q]TYN$TQﬁYKRW'VoaWXRW~\i	 `ºqc feRZMyTMWIp0N 
































V{RZ_WXRRU_Q]VYQtTMGaQ"V#VwfTYM f[QSTV0_yW)`ﬁ`SM UYKRmn`MTrRZ_6Q Qp`v_W)Y]QOW'Yaf9N$YfWTYRUN$`ﬁUVXWTSfn`MT
RZ_6QbVYRZTYM Y]jW)[6VUMT!f6RZN)M YOW)Yaf9M VXWXTUN$ﬁWXRZN)M YQ"v[Qﬁ`SRUVKYM
g
YRUM^[ Qf6TUQ]VYQﬁYKRsN$YlRU_QbVUMFaNUT WRZM T!f)V$WT]Q"V_
aUQcRUMRU_QjV#MMVUQ"V_M[ M UYayh'W)V)QﬁY`SQcQﬁV)Qﬁ`SRUTUM Y,Z























Na, E = 10 eV






















Na, E = 20 eV























Na, E = 54.4 eV
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E = 7 eV






















K, E = 20 eV























K, E = 40 eV





















K, E = 54.4 eV





















E = 60 eV






















K, E = 100 eV





















K, E = 200 eV
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Cu, E = 40 eV



















Cu, E = 60 eV























Cu, E = 80 eV






















Cu, E = 100 eV
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Au, E = 30 eV



















Au, E = 50 eV




















Au, E = 100 eV
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E = 10 eV
E = 100 eV
E = 1 keV
Na (Z = 11)
















E = 10 eV
E = 100 eV
E = 1 keV
K (Z = 19)















E = 10 eV
E = 100 eV
E = 1 keV
Cu (Z = 29)















E = 1 keV
E = 10 eV
E = 100 eV
Au (Z = 79)
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H, E = 3.009 eV




















H, E = 4.889 eV



















H, E = 6.691 eV



















H, E = 9.4 eV
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He, E = 1.5 eV





















E = 2 eV























E = 5 eV
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Ne, E = 3.4 eV





















Ne, E = 4.2 eV























Ne, E = 5 eV




















Ne, E = 7 eV
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Ar, E = 3 eV



















Ar, E = 5 eV



















Ar, E = 7 eV
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Kr, E = 3 eV




















Kr, E = 5 eV




















Kr, E = 7 eV
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Xe, E = 3.7 eV




















Xe, E = 4.75 eV



















Xe, E = 5.75 eV
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• Reads Material Information




































• Reads ICRUE DCS Database 
• Grid Generation
Ø 96 Energy points
Ø 606 angular points
• Reads ICRUE DCS Database 
• Grid Generation
Ø 96 Energy points
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penelast .fpenelast .f <problem_desc>.f<problem_desc>.f
PENELAST
(Monte Carlo  Calculation )
PENELAST
(Monte Carlo  Calculation )
• Generates Energy Grid• Generates Energy Grid
PEINITPEINIT
EELdREELdR
• Reads X-Sec Information.
• Checks For  Consistency of DCS.
Ø Integration in  q.
• Reads X-Sec Information.
• Checks For  Consistency of DCS.



















with energy cut-offs 
ComomBlock
CICRUE
with energy cut-offs 
• Calculation of 
hard collisions 
by Monte Carlo 
simulation
• Calculation of 
hard collisions 
by Monte Carlo 
simulation
• Calculation of 
soft collisions 
by Monte Carlo 
simulation
• Calculation of 
soft collisions 
by Monte Carlo 
simulation
CALL CALL
•Creates Internal DCS Databases
Ø Common Block CEELDB
Ø Common Block CPELDB
DCS as PDF of deflection angle after elastic 
collision for each energy E in energy grid.
•Creates Internal DCS Databases
Ø Common Block CEELDB
Ø Common Block CPELDB
DCS as PDF of deflection angle after elastic 
collision for each energy E in energy grid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• Calculation of a DCS table as 
a function of q.
• Calculation of Total  scattering
and Transport X -sections .
• Calculation of a DCS table as 
a function of q.
• Calculation of Total  scattering
and Transport X -sections .
QRND0QRND0
• Compute cumulative PDF from the DCS table
as a function of deflection angle q:
Ø Used for the Walker‘s aliasing sampling algorithm
Ø Information in (XSE:angle  q, PSE: Cumulative
PDF)
• Compute cumulative PDF from the DCS table
as a function of deflection angle q:
Ø Used for the Walker‘s aliasing sampling algorithm
Ø Information in (XSE:angle  q, PSE: Cumulative
PDF)
QRNDMSQRNDMS
• Compute moments of PDF(cos(q ) in [0.0, 1.0]  ): 
XM0A, XM1, XM2 .
• Compute moments of PDF(cos(q ) in [0.0, 1.0]  ): 
XM0A, XM1, XM2 .
• Compute mean free path and cut-off angle for
soft elastic colisions: RMNC = cos(q cut -off).
• Compute mean free path and cut-off angle for
soft elastic colisions: RMNC = cos(q cut -off).
QRNDMSQRNDMS
• Compute moments of PDF(cos(q ) in [0.0, RMNC]  ): 
T1E0 and T1E2.





• Variables for DCS Databases ready for Monte 
Carlo sampling procedures.
• Variables for DCS Databases ready for Monte 
Carlo sampling procedures.
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Al, E = 1 MeV, t = 0.10 g/cm2
















Al, E = 1 MeV, t = 0.22 g/cm2
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H, E = 10 MeV






















Be, E = 10 MeV






















C, E = 10 MeV





















O, E = 10 MeV






















Water, E = 10 MeV






















Al, E = 10 MeV
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Si, E = 10 MeV





















Cu, E = 10 MeV






















Ag, E = 10 MeV





















Au, E = 10 MeV




















Hg, E = 10 MeV





















Pb, E = 10 MeV


































































































el mfp Lewis (mtu)
el 1st tmfp Lewis (mtu)
st. power (MeV/mtu)
CSDA range (mtu)
el mfp Moliere (mtu)
el 1st tmfp Moliere (mtu)
H, e-









el mfp Lewis (mtu)
el 1st tmfp Lewis (mtu)
st. power (MeV/mtu)
CSDA range (mtu)
el mfp Moliere (mtu)
el 1st tmfp Moliere (mtu)
Be, e-









el mfp Lewis (mtu)
el 1st tmfp Lewis (mtu)
st. power (MeV/mtu)
CSDA ranges (mtu)
el mfp Moliere (mtu)
el 1st tmfp Moliere (mtu)
H2O, e
-











el mfp Lewis (mtu)
el 1st tmfp Lewis (mtu)
st. power (mtu)
CSDA ranges (mtu)
el mfp Moliere (mtu)
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E = 10 MeV
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No bremss MC 
0.05
t = 0.1 cm
0.005
Au, E = 10 MeV













10 MeVE = 5 MeV 7.5 MeV
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Be, E = 10 MeV
∆E = 36.39 %
∆E = 1.87 %















C, E = 10 MeV
∆E = 29.5 %
∆E = 1.5 %
 O-"ﬂ PH.h 1  ﬀ	ﬀ#" `	
*+*ﬂﬃ- ﬃ-1  +! ﬂ<"1	ﬀﬃ (mUm  ﬀ






ﬁﬃF	ﬃ@11  ﬃe+		( 		1  	 V	A 	(ﬂ-ﬃ  G['*c8







ﬁﬂ	#%ﬃ ! ﬃ -0ﬃ*ﬂ-? 	#>
ﬁN_-
S
ﬃC<@?.	( gM ﬂA01" +	ﬀﬃGK@?EAY<% e+ﬂY	AT1  +	ﬀﬃ.	ﬂ1  ﬀ	*K
-
	      	
  	   	




 	 0 ﬀ   















































































































































































Al, E = 10 keV


















Al, E = 10 MeV



















Au, E = 10 keV
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E = 10 MeV
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E = 1 keV
E = 10 keV
Al, e-

















E = 1 keV







































































































E = 10 keV, s = 100 nm


















E = 10 keV, s = 5 nm














































































































%("ﬂ,$ /,   ),+Z:i+ %. $ Z%.
j




















































































   
G+x












































































YBﬂ  A G`Z)),"' %("ﬂ$ ,
ﬂI









































































+ +K-$ %"ﬂ@),.D%("'$RD)[+%Y $ !Z.O,FU),














# # $ﬀ  $ﬃ  ﬁ
	 $ﬃ  ﬁ ')# # ﬁﬃ! ')ﬃ

































jﬂ&ﬁ%"ﬂ!@),. ),Z  K-:)2@%F'% ﬂﬁ$IﬃZ%.
L@-"'"ﬂ+ﬂ.F-
ﬂZ









































































,+%+Oi"),Z)2+zYBPn/.O,@)2.&$k)2'%"D :),"'ﬂ@%-.f),"'.F %("'$ ﬂ 4,+'%*a!Yt'%*"ﬂ),Zf)],+





















































































































































































































































'%$ S9A A bS4AJD4),+Z6%$.?Fﬃ
d-#QP\PcZ:)2[.),
'ﬂ@s

























jBS9A Aﬀ C Gn:),
I/4%+w-

































































"ﬂ)a..+Oﬁ)eO,a%+:)2ﬂQPG.+O2#+[ﬀ$ %Z-$ ﬂﬁOs%+"'O,Fs"ﬂ),+O2j &ﬀ$.$I+)2+5'%:


























































ﬂ%@%ﬂ+3Z:)2) %(,"  +7	ﬀ),"'.`@Z





















































































 	 «P N),+Z %("5+@%Z%+K[+"ﬂO,





















ﬀ$I%ﬂﬃZ D+K-$ %"ﬂ@),.4$=.%$ %+K)2+k/+O
@)2"ﬂ"ﬂZ,-ﬀ+Kﬂ#),+k-#O"ﬂ),ZZa,"'


































































































































ﬂZz),+Zx$=.$I+%Zg+g +K"'ﬂ"),+  6@%ﬃZxS9G     _j G+xNOQPG%+"'O,Fv"ﬂ),+O2D
S"ﬂO+:)2.  )YB"ﬂ%+@  a%"ﬂ$I"ﬂ e)2ﬂ+:)2.  ),/")2ﬂ"'F
























































































































































































3 A9C  M" 3BADC   mS9G \j










+&	ﬀ),"ﬂ.U@ZS9A  Aﬀ C G  
 +%Y $I !ﬃ%ZQP),.O"'$

























































































 %@%ﬂa%.F,DS+ ),ZZP+nxl.f),"'OrX:%.Z '%U)'..@)2ﬂ+
%("YB@^   + 	ﬀ),"'.x@Z

'F


































ﬂ@)]ﬂ%"ﬂ+O`),.O,"ﬂP$ @Z  A G 



















































































































































































































































































































+Z@)2%ZU),"'."D2B@ZS9A Aﬀ C G P /:),
































































































   	 ﬁ & &%('*)   
+ +zﬂ
I












































































































































o  pXo 
m







































































































































































































































































M3N@O ?PO]\ y Z_

U   P\ ~y 
O ^Iw











M3N@O ?PO J1LMTN@O ?VO ^$\ ŁBﬀL










































































































































































































































































































































































































































































































































































































































































































































































+ﬀﬂﬁﬃ! #"$ﬂ%&ﬃ!'%&()"+*ﬀﬂ,-ﬃ/.0ﬃ213ﬀﬃ!-(4ﬂ563ﬀ%7-89-;:<.="$"+ﬁﬃ!%&(>1?ﬂﬃ2*@"A.-%&(B3CBﬀ(ﬂ;Dﬃ21  -ﬃE:>.="FG"
ﬁﬃ!%&(H:>,-%73G,0"$ﬂ*+ﬃ!6ﬃ2ﬃ!6%&3"$ & 7I%7-3CB"2(B%&-8-J+ﬀﬂﬁﬃ! #"F%&ﬃ2'*ﬀﬂ,-ﬃ/.-(K"2ﬂL3Cﬃ2*+*ﬃ!- MIA5-(BC.N%&O:Pﬃ
(ﬂ%M5="F%&ﬃ2-(CQR:>,-ﬀS,-AﬂC(B5- 7ﬂ(R"2BT"U$"2%& &"2V- &R1?ﬃ2W(ﬂﬀ &ﬀ3ﬀﬀ.X3Cﬃ!6.-%7ﬂ%&ﬃ!-(ﬀYZV-5[RU$"2 &5-ﬀ(R"2BA-ﬀC.-ﬀ.X1?ﬃ!
%&ﬂCﬂ*C.6%#"$ﬂ3ﬀﬃ!-.-%M%&ﬃ2-(CY\"2-.0:>,-ﬀ,-W1?56-3ﬀﬂ%&ﬃ!="$ ].6CﬁC-.-ﬀ-3C^%7(_(ﬂﬃT3ﬀﬃ!*ﬁ- &%73"$ﬂC.Nﬂ,="$_;`[ﬁ- &%73C%M
ﬀU$"2 75="$ﬂ%&ﬃ!O%&(K3Cﬃ2(B MI'%&OCB*+(Kﬃ213ﬀﬃ!*ﬁ-56ﬀKﬂ%&*2JHaZ`/ﬂ"2ﬁﬃ! #"$ﬂ%&ﬃ!\Yb"I/ﬁcﬃ21%7dﬂCBﬁcﬃ! &"$%7ﬃ!eY-%7(Kﬂ,-
;`/ﬂC-(B%&ﬃ!Nﬃ21f(B5-3G,.="$"VﬀI2ﬃ!-.',-"268!Lﬃ21Zﬂ,-*"$(ﬂ5-BC*C(ﬀJ+gK%&(>*R5-3G,N*+ﬃ2ﬂL.-%7h3ﬀ5- 7CY="2-.
%7ﬂ(iﬂﬀ(ﬂ5- M(L"2Bjﬃ21kﬀl%7U2"$ &%&.0ﬃ!i(ﬂ5-V R C3ﬀLﬂﬃ'(B5-V-(4G"2%&"2 5--3ﬀC4G"2%7dI%71m-ﬃ2L56(ﬂC."2-.n%&ﬂCﬂﬁ6ﬂﬀﬂC.
ﬁ-Bﬃ!ﬁcﬀﬂ MI!J




# }  ~     	  #















































































































ﬃ2ﬂ.-ﬀPﬁﬃ! 7I/-ﬃ!*%#"$ &(f,-"$H*+"$3G,9*+"2I+CB%&C(P%&Aﬂ,-DG"2V6 &_(B%&*R56 7G"$-Cﬃ!56(ﬂ 7I2Y,-i%7dﬂCBﬁcﬃ! &"$ﬀ.
3C56BU!N:>%& & >VC8!%7¨ﬂﬃSﬃ!(ﬂ3ﬀ%& 7 #"$ﬂT"2ﬁ-%7.- 7I©Vﬀ:uCﬀr,-N("2*ﬁ- &'ﬁﬃ!%&(ﬀY:>%& 7.- 7IX.6ﬀU/%#"$ﬂ%&-8n1?ﬂﬃ2* ﬂ,-





+g1c5-(ﬂﬀ.1?ﬃ!Z;`/ﬂ"2ﬁcﬃ2 #"$ﬂ%&ﬃ!W:>%M,"D,-%78!, P ﬃ2ﬂ.-ﬀfﬁcﬃ2 7I/-ﬃ!*%#"2 YFﬂ,-%&(Z*+;,-ﬃ/.^*A"I8!%7U2H(ﬂCB%&ﬃ!56(CﬂBﬃ!ﬂ(ﬀJ
¥
,-%78!, P ﬃ2ﬂ.-ﬀuﬁﬃ! 7I/-ﬃ2*+%&"2 =*A"I+ﬁ-ﬂﬃEU/%&.6D"WU!ﬀBIA8!ﬃ[ﬃ/.+w6ﬃj".="$G"(ﬂﬀﬃU2CH%M(Pﬂ"2-8!)ﬃ21U$"2 &%7.-%7I2YdV-56














oH,-H3ﬀ5-V-%&3H(Bﬁ- &%7-%7dﬂCBﬁcﬃ! &"$%7ﬃ!W%7(f5-(BC.%&Rﬃ!B.-CfﬂﬃL"U!ﬃ!%7.^ﬂ,-Hﬁ-Bﬃ!V- &ﬀ*+(ﬂﬀ #"$ﬂC.Rﬃiﬂ,-H5--.-ﬀ(ﬂ%7"2V- 7
x=5-3;5="F%&ﬃ2-(:>,-%73G,j"2ﬁ-ﬁ"$:>,-ﬀj5-(ﬂ%7-8_ﬁﬃ! 7I/-ﬃ2*+%&"2 !%&ﬂCﬂﬁﬃ! &"$%7ﬃ!i:>%7,,-%&82,-Cﬃ!B.-C]ﬁcﬃ2 7I/-ﬃ!*%#"2 7(CJ






%&ﬂCBU$"2 Vﬀ:uCﬀ.="$"ﬁﬃ!%&ﬂ(KVIO.-;ﬀﬂ*%&-%7-8j,-L1?ﬃ!5->ﬁﬃ! 7I/-ﬃ!*%#"$ \3Cﬃ/ﬀh3ﬀ%&Cﬂ(D"2(>1?ﬃ! & 7ﬃE:>(CJo:Pﬃ




























































































































































































































oH,-Apqﬀ8!C6.-ﬂ9ﬁﬃ! MI[6ﬃ!*+%&"2 &(ﬀY(ﬂﬃ!*ﬀﬂ%&*C(L3"$ & &ﬀ.SpC82C-.-B+1?5-63ﬀ%7ﬃ!-(ﬃ21Pﬂ,-+w=B(B/%7-.eYZpqﬀ8!C6.-ﬂ
3Cﬃ/ﬀh3ﬀ%&Cﬂ(CYbﬃ! 0 ﬃ2="2 e,="$ﬂ*ﬃ!-%&3ﬀ(CY="$ﬂL(ﬂﬃ! 756%7ﬃ!-(ﬃ$1ﬂ,-L(ﬂC3ﬀﬃ!-.Nﬃ!ﬂ.-ﬀH.-%  CBC%&"2 e 8 5-"$%7ﬃ!/6ﬃ:>











ﬃﬂ  ﬂ+ 








































































J +,6%&(D3C"2(ﬂ$Yqﬂ,-j(ﬂﬃ2 &56ﬂ%&ﬃ!-(K1?ﬃ!ﬂ* "Tﬁcﬃ2 7I/-ﬃ!*%#"2 q(B
8
















































































ﬂ,-ix=ﬃ[ﬃ21?5--3ﬀﬂ%&ﬃ!\Y-% J2J6ﬂ,-L #"2B8!C(4>%&ﬀ8!C>BC(ﬂ56 7%7-8R1?ﬂﬃ2* ,-L.-%MU/%&(ﬂ%7ﬃ!eJ
E
6



































*+"?2ﬀ(D%7_ﬁcﬃ!(B(ﬂ%7V- &LﬃT.-ﬀﬂ%MU!Wﬂ,-jpC8!ﬀ-.-BRﬁcﬃ2 7I/-ﬃ!*%#"2 7(>VdIN3"$ﬂBI/%7-89ﬃ!56),-Lﬂ"2* [3G,-*%&.6Kﬃ!























































































































































































































































































































































































































































































































































































































































































































,6T5-="2(B(ﬂﬃ/3C%#"FC.©ﬁﬃ! 7I/-ﬃ2*+%&"2 &(ﬀJoH,-O"2(B(ﬂﬃ/3C%#"FC.©pﬀ8!C-.6ﬂT1?5--3;%&ﬃ2-(j"2BTﬁ="2BRﬃ21>,-T(Bﬁ-,-CB%&3C"2 








































 * :>%7,OBC(ﬂﬁC3;)ﬂﬃ 




































































































































































































pC8!ﬀ-.-ﬂ#"]ﬃ! 7I/-ﬃ!*%#"$ %$-Yd1?ﬂﬃ!* #0"$ﬂ,&ﬃ2ﬂ &. 
¥
ﬃ! 71?ﬂ"2*'CV Y>C(ﬂﬃ25-ﬂ3ﬀ2J





















































































	T!  	ﬀ  
 ﬀﬂﬁ 	 

[5-V6ﬂﬃ!56ﬂ%&-ﬃﬃ! "$#w-ﬂ(BRﬂC3ﬀﬂC"$ﬀ(R,-T"$-8!5- &"2W"$-.XC-ﬀﬂ82I8!B%&.1?ﬃ!:>,-%&3G,Sﬂ,-&% 1 l"2V- 7C(R"$ﬂ
%&63C &56.-C.9%7'XQK*+"$ﬂCﬂ%&"2 )(LJ*A"F NMJ+*gu,-ﬀTﬂC"2.-(Pﬂ,-_U$"2 &56C(Pﬃ$1,-,% 1 /(H"2-.9ﬁC41?ﬃ!ﬂ*(P3ﬀﬃ!-(B%&(BﬂC-3;I
3G,-ﬀ3./(K1?ﬃ!>"23G,'C6Cﬂ8$IO%&ﬀBU$"2 eVIO%&ﬂC8!ﬂ"$%7-8R,--% 1 [(H:>%M,Oﬂﬀ(ﬂﬁC3ﬀKﬃ+"2-82 &i"26.N3ﬀﬃ!*+ﬁ-"2ﬂ%7-8
,6%&(HU$"2 &5-i:>%M,O,-Lﬃ2"2 3CBﬃ!(ﬂ()(ﬂﬀ3ﬀ%7ﬃ!O1?ﬃ!H,-8!%7U2CNC-ﬀﬂ82I2Y:>,-%73G,0%7()"$ &(ﬂﬃ^%7-3C 75-.-C.N"2(>,-Lw=B(B
 &%7-WVﬀ1?ﬃ2ﬂj"$3G,.% 1 .="FG"9V- 7ﬃ[3.bJ-*g1uﬂ,-j3Cﬃ!*ﬁ="2B%&(Bﬃ!%&(_-ﬃ2i(B5-3C3ﬀC(ﬂ(41?5- Yq,6R.="$"O,-"EU2jVcﬀ3Cﬃ!*
3Cﬃ2ﬂﬂ56ﬁ6ﬀ.0"26.'ﬂ,-Lﬁ-ﬂﬃ!82"2* :>%& & \%&(ﬂ(B5-"R:"2B-%&68+"$-.N(4ﬃ!ﬁ\J




ﬀ #"2(4%&3P3Cﬃ! 7 &%&(B%&ﬃ!6(CJqoH,-%&(ﬁ6ﬂﬃ/3CC.65-ﬂH*+"2%&6 7I%&-%M%&"2 &%51CC(ﬂ,-U$"2ﬂ%&"2V- &ﬀ(Z%7R,-H3ﬀﬃ!*+*ﬃ!RV6 &ﬃ/3./(ﬀQ
6
ﬃﬃ0 708rQ9!:;ﬃ4<>=!?9@=!?ACB>D$ﬃ!E$FCB>D$FHG 6ﬀ: 8!B%&.Tﬃ21ID$ﬃ!E$F'"$-8!5- &"2.-;x=C3;%&ﬃ2Nﬁﬃ!%&ﬂ(





Fﬃ0 708rQ9!:;F4<>=!?9@=!?ACB>D$ﬃ!E$FCB>D$FHG 6ﬀ: 8!B%&.Tﬃ21ID$ﬃ!E$F'"$-8!5- &"2.-;x=C3;%&ﬃ2Nﬁﬃ!%&ﬂ(
FJ:;F4<>=!?9@=!?ACB>D$ﬃ!E$FCB>D$FHG 3ﬀ5-*R5- &"$%MU!iﬁ-Bﬃ!V="2V6%& &%MI+1?56-3ﬀﬂ%&ﬃ!T1?ﬃ!K9!:;ﬃ
?!:;F4<>=!?9@=!?ACB>D$ﬃ!E$FCB>D$FHG
8!:;F4<>=!?9@=!?ACB>D$ﬃ!E$FCB>D$FHG





%&ﬂ,-A1?ﬃ!B* ﬃ21>3C5-*W5- #"$ﬂ%7U2Aﬁ-Bﬃ!V="2V-%7 &%MI.-%&(4B%&V-56ﬂ%&ﬃ!6(1?ﬃ!,-+.-ﬀx-C3ﬀﬂ%&ﬃ!©"$-8! &A"$1kﬀ
"XC &"2(Bﬂ%&33ﬀﬃ! & 7%&(ﬂ%7ﬃ!eY(B5-%7"2V- 701?ﬃ!9,6("2*ﬁ- &%7-8Sﬁ-Bﬃ[3ﬀC.-56ﬂnC*ﬁ- &ﬃEI2C.eY>1?ﬃ!T%&6(BG"$-3C$Y_.-5-B%&-8Sﬂ,-














Yeﬂﬀ(ﬂﬁC3;%7U2C MI!Y\1?ﬃ!_"2 & ]*+"$ﬀﬂ%#"$ &(>%&0ﬂ,-R(B%&*R5- &"$%7ﬃ!eYb3Cﬃ2*+ﬁ- 7ﬀﬂC()ﬂ,-
.="$"2V="2(BC(ﬀJ
oH,-H3C"2 &3ﬀ5- #"$ﬂ%&ﬃ!ﬃ21b,-uU2"$ﬂ%#"$V- &ﬀ(Z%&
6
































































   QK3
&
Y  Q 3
ﬁ
ﬀ
VIt &ﬃ!80g &ﬃ!8n3ﬀ5-V-%&3'(ﬂﬁ6 &%&6N%7dﬂCBﬁcﬃ! &"$%7ﬃ!©ﬃ21Dﬂ,-








































































































































YdVI^3"$ & &%7-8 f;#0D$7
U















JfoH,6%&(>(ﬂ5-V6ﬂﬃ!56ﬂ%&-L3C"2 &3ﬀ5- #"$ﬂC(ﬂ,-L3C5-*R56 #"$ﬂ%7U!iﬁ6ﬂﬃ!V="$V-%& 7%7I.-%&(
B%&V-5[%&ﬃ2O1?ﬃ2)"8!%7U2C"C%
	©%&63C &56.-C.'%&O,-3"$ & q"2-.N.-C3ﬀ #"2BC.0"2()y`/CB="2 ]%&O,-(ﬂ56V-ﬂﬃ!5[%&62J *
,6R3"2(BRﬃ21m(B5-V-ﬂﬃ256%7-ﬃﬃ0 "# N (_3"2 7 Y=,-%7( "4%
























%&ﬂCﬂﬁﬃ! &"$%7ﬃ!CBﬂﬃ!L%7(i*+%7-%&*%21ﬀC.0:>,-ﬀﬂ,-^%&U!ﬀﬂ(ﬂ+3C5-*W5- #"$ﬂ%7U2jﬁ-ﬂﬃ!V-"2V-%& 7%7I'1?5--3;%&ﬃ2 9<>#HG

% J $J

























































3C56*R5- #"F%7U2ﬁ-ﬂﬃ2V="2V-%7 &%7I¨.-%7(BB%&V-5[%&ﬃ2eY_ﬃ!V[G"2%7-C.r1?ﬂﬃ2* ,- "4%
	 ﬂCﬁ6ﬂC(BCﬀ. VI 7
6
:;ﬃ0 cY):>,-%&3G,
%&(jV-"2(ﬂﬀ. ﬃ!X,6% 1 G"$V- &91?ﬃ!^ﬀ-CB82ILﬃA4<ohﬃHG
!




-ﬀC.-ﬀ.1?ﬃ!H,-(ﬂC 7C3;%&ﬃ20ﬃ21m"^8!%MU!C$ %&ﬂCBU$"2 qVI S"$ 2ﬀZN(D"2 7%#"2(B%&-8j*ﬀﬂ,-ﬃ/.0ﬃ21Z("2*ﬁ- &%7-8j:>,-C
,6K.6%&(Bﬂﬂ%7V-56%7ﬃ!R%7(("2*ﬁ- &ﬀ.^.-5-ﬂ%7-8D,6 # 1t(ﬂ%7*R5- &"$%7ﬃ!-(CJ+*-3ﬀﬂ"$(ﬂ%&68Lﬂ,->d5-*RVCmﬃ21cﬁcﬃ!%7(f%7^ﬂ,-












































































	BCﬁ-BC(BCﬀ.NVI,-,% 1 ^G"2V- 7








J 	=ﬃ!,6%&(CY6(ﬂ5-V-Bﬃ!56ﬂ%&-f;#0D7$=W:A%&(H3C"2 & 7C.eY
6


































































































































A4<oDﬃ!E@FHGBo9$ﬃJeﬂ<oDﬃ!E@FHGBo9$ﬃ k <oDﬃJE@FHG+Bo9$ﬃ<oD$ﬃ!EFHGB>90FJeﬂ<oD0ﬃ!E@F G










oH,-ﬀ(ﬂjU$"2ﬂ%&"2V- &ﬀ(D"2BW,6C5-(BC.nﬃ93ﬀﬃ!*+ﬁ656Wﬂ,-j*"201?BCjﬁ="F,-(i"$-.,-R3ﬀ56 gﬃ;^X"$-8! &1?ﬃ!D(Bﬃ21k





























































Y-,6.="FG"j-C3ﬀC(B("24IN1?ﬃ!ﬂ,-L(ﬂ%7*R5- #"F%&ﬃ29ﬃ21f(Bﬃ21k>3Cﬃ2 & &%7(ﬂ%7ﬃ!-(3C"2N6ﬃ:
"2 7(ﬂﬃOVcjﬁ6ﬂCﬁ-"2ﬂﬀ.VI
ﬃﬃ0 0"$#nVI3ﬀﬃ!*+ﬁ656%7-8T,-^*ﬃ!*+ﬀ(iﬃ21,-% 1 V="2(BC. "C%
	uYe%&n"O(ﬂ%7*+%7 #"2











?  lf;#!D$7$=W:ﬂ< e4n>e;7JeB\#$=$[
6
B>9@=WepBo9@= k B>9= WG

































































































"2-.O:>ﬂ%Mﬀ(,-ﬀ* %&T,-L*+"$ﬀﬂ%&"2 J.="$w= &$J
c{

ﬃﬃ0 0"r%7(O3"2 7 &C. VI ,-.M/N/ONHP$Q+RTS (ﬂ5-V-Bﬃ!56ﬂ%&-ah0D
U$6
h  *ﬃ/.-%7w=ﬀ.r1?ﬂﬃ!* ﬂ,-nﬃ!ﬂ%78!%&="$ )U!ﬀﬂ(B%&ﬃ!¦%&
M/N/O+N/PtﬂM/N
ﬀ








5-(BC. 1?ﬃ!9,-(ﬂ"2*ﬁ- &%7-8Sﬃ21,="2B. ﬀU!ﬀ(CYL"$-. #=$[¦"$(9,-nﬃ!56ﬂﬁ-56O(ﬂ"2*+ﬁ6 &C. "$-8!5- &"29.-;x=C3;%&ﬃ2eJ
oH,-(B5-V-ﬂﬃ256%7-ﬂﬀ3CC%MU!ﬀ(9,- N/PRcNHM ﬁ6ﬂﬃ/3CC(B(ﬂﬀ.¦%761?ﬃ!ﬂ*+"$ﬂ%&ﬃ!©1?ﬃ!9ﬀ &C3;Bﬃ!rC &"2(Bﬂ%&30(B3"$Bﬀﬂ%&68X%&
,6W3Cﬃ2*+*ﬃ!OV- &ﬃ/3.
6
ﬃﬃ! $708N"2-.056(ﬂC(_%7>ﬃ8!C6C"F#$=$[0VIN(ﬂ"2*ﬁ- &%7-8j1?ﬂﬃ!*¤ﬂ,-ﬂ"$%7ﬃ!="2 %7U!CB(ﬂ
3C56*R5- #"F%7U29.-%7(BB%&V-5[%&ﬃ2SV="2(BC.tﬃ!X,-TU!ﬀ3ﬀﬂﬃ!ﬂ( 9!:;ﬃ  "268!5- #"$R.-ﬀx-C3ﬀﬂ%&ﬃ!
ﬀ
"2-. FJ:@ﬃ  3C56*R5- #"F%7U2

















































	 Rj3C"2 &3ﬀ5- #"FC()*R5- M%&ﬁ6 &L(ﬂ3C"$ﬂﬂCﬂ%7-8T"268!5- #"$).-%7(Bﬂﬂ%&V656%7ﬃ!-(  # J%D(
ﬀ
ﬃ21mﬀ &C3;Bﬃ!-(







w= &ﬀ(u:>,-%73G,93Cﬃ2d"2%&,-)3Cﬃ!*ﬁﬃ!(ﬂ%M%&ﬃ2-(CYﬁ="$"2*ﬀﬂCﬂ(1?ﬃ!%&-ﬀ #"2(4%&3H3ﬀﬃ! & 7%&(B%&ﬃ!-(m"$-.9(Bﬂﬃ!ﬁ-ﬁ-%7-8
ﬁﬃ:uCB(CJfoH,6w= &ﬀ(f"2BP="2*C.'  7ﬀ:>%&(B--eJ*+"$ NMY$:>%M,Wﬂ,-P,6ﬂCP.-%&8!%M(	ﬂ ﬂ$ﬂ9%&.-ﬀ%71kI/%7-8Kﬂ,-*+"$ﬀﬂ%&"2 J

¥
ﬃ2*+%73.6%5^cCﬂﬀ%#"$ 3Cﬂﬃ2(ﬂ(R(BC3ﬀﬂ%&ﬃ!6(1?ﬃ!C &"2(Bﬂ%&3^(ﬂ3C"$ﬂﬂCB%&-8  % 1 [(
ﬀ
G"$V-5- #"FC.l%&n,6&N/PRZN/M
.="$"2V="2(B2JfoH,6C(ﬂ % 1 [(u"2ﬂ>%&ﬂCﬂﬁﬃ! &"$ﬀ.VIPN
	 RKﬂﬃ*+"?$>ﬂ,-C* 3ﬀﬃ!ﬂBC(Bﬁcﬃ!6.+ﬃL,6Kﬀ-CB82I8!ﬂ%7.
5-(BC.0VI9ﬂ,-L3Cﬃ/.-2Y=VI'"j &ﬃ280 7ﬃ!8W3ﬀ5-V-%&3L(Bﬁ- &%7-Dﬀ3G,--% d5-$J
oH,-^^cC3;Wﬃ$1P%7-C &"2(Bﬂ%&3R3ﬀﬃ! & 7%&(ﬂ%7ﬃ!-()ﬃ!,- # J% 3"2nV^3"2 73C5- &"$ﬀ.lVIﬂ,-PN	 R3ﬀﬃ[.-^V="$(ﬂC.ﬃ!





 J 1Pﬃ2ﬂﬂﬀ3ﬀﬂ%&ﬃ!ﬃ21-,6PC &"2(Bﬂ%&3C% 1 L1?ﬃ2Z"K8!%7U2CW"2ﬂ8!;f"Fﬃ!* ﬃ21="$ﬃ!*%&3d5-*WVcﬀtVI*R5- M%&ﬁ6 7I/%&-8
%7>VI9ﬂ,-iﬀﬂ*  (J

J #N56 7%7ﬁ- &%73"$ﬂ%&ﬃ!Wﬃ21cﬂ,-)"2-8!5- &"24% 1 R1?ﬃ!mV-%&="$BIj3ﬀﬃ! & 7%&(ﬂ%7ﬃ!-(Z:>%M,^1?ﬂﬀKﬀ &ﬀ3ﬀBﬃ!-(u"$ﬂﬀ(BuVdIjﬂ,-
%&63Cﬃ!,-ﬀﬂﬀdK(B3"$BCB%&-8^1?5--3;%7ﬃ!eJ

JK(ﬂnﬃ21L,-w=B(B Pﬃ2ﬂ|"2ﬁ-ﬁ-Bﬃ`6%7*A"F%&ﬃ2 ﬃ©ﬃ!V6"2%&sﬂ,-%&6C #"$(B%730(B3"$BCB%&-8 % 1 [(ﬀJ oH,-









Ye:>%7ﬂ,n"9(ﬂ%7-8! &Wﬃ!(ﬂ3ﬀ%& & &"$ﬃ2K1?ﬃ!_"23G,"$ﬃ2*+%73W(ﬂ,6C & f"2-.ﬂﬀ(ﬂﬃ!-"2-3C^ﬀ-CB82I!JRoH,6%&(
"2ﬁ-ﬁ6ﬂﬃ"23G,AC-(B5-ﬂﬀ(,="$,6D"2.-ﬃ2ﬁ6ﬀ.AU$"2 &5-Kﬃ21eﬂ,-_*"$9;`[3C%MG"$ﬂ%&ﬃ!C6Cﬂ8$IA%7(uy`-"$3ﬀ MIﬂCﬁ6ﬂﬃ/.-5-3Cﬀ.eJ
oH,-^(Bﬂﬂ5-3;5-B^ﬃ21 P0N
















!ﬂ3$ﬂmw- ﬁﬂC(\ ﬁﬂﬀ:>%7(CJ 1 Y.-V







































































































































I]ﬀ2FﬃﬂN/PRcN/M % 1 S.G1ﬀ`G2VG&I%ﬂDﬁ ﬀ%F
ﬂT19A(!%K A21KwEﬁﬂ$IVﬂ#ﬂ$E&.[`





















































ﬃRﬀ%AT3#A(KL?-5ﬃﬀ%ﬂ3?<A(I%D/ﬀ2!"A( G-. ﬂ$Eﬁﬂﬀ3$ﬀ2!"A(a% 1 4I_19A!BGEﬁE
ﬀ2Fﬃﬂ5?<A(Dﬁﬀ2IDﬁ ﬀ2F






















































































































































































multscat .fmultscat .flewis.flewis.f dbread.fdbread.f
LEWIS
(MSDs of e -/e+ in matter )
LEWIS





• Reads material  information
Ø material composition
Ø optical oscillator strengths
Ø stopping powers
• Reads coefficients from dump file
• Generate inelastic cross sections
Initialise MS Routines:
• Reads material  information
Ø material composition
Ø optical oscillator strengths
Ø stopping powers
• Reads coefficients from dump file





Ø 96 energy points
Ø 606 angular points
Calculate MSD
• Grid Generation
Ø 96 energy points















• Generates energy grid
• Reads ELSEP DCS database 
• Grid Generation
Ø 96 energy points
Ø 606 angular points
• Checks for consistency of DCS
Ø Integration in q.
• Generates energy grid
• Reads ELSEP DCS database 
• Grid Generation
Ø 96 energy points
Ø 606 angular points
• Checks for consistency of DCS




• Creates Internal Databases
Ø Common Block GPLEW0
Ø Common Block GPLEW1
• Writes coefficients in dump file
• Creates Internal Databases
Ø Common Block GPLEW0
Ø Common Block GPLEW1














• Calculates e-/e+ DCSs for any E
Ø Common Block CDCSEL
•Calculates GS coefficients
Ø Common Block COEFGS
• Calculates e-/e+ DCSs for any E
Ø Common Block CDCSEL
•Calculates GS coefficients
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